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S INCE sulfathiazole has been so effective in the
treatment of various infectious conditions at

the Station Hospital, Camp Haan, California, its
undesirable side effects have become of increas-
ing interest and importance to' us. We had ob-
served that these side effects seemed to occur
most frequently in patients who were toxic and
febrile from their illness and were apparently less
common in the individual whose disease did not
cause a toxic, febrile response, irrespective of the
total sulfathiazole dosage or its length of ad-
ministration.

In an effort to substantiate or disprove this ob-
servation, hospital records of the last 300 patients
to receive a single course of sulfathiazole on all
services at this hospital were reviewed. Cases
where two or more courses of sulfathiazole had
been administered with intervening intervals were
purposely excluded from this series. Numerous
such cases were encountered but were omitted
due to our interest in the recent work of Lyons
and Balberor,' and others.2 We propose to re-
port the, incidence and our conception of the
mechanism of sulfathiazole side effects in these
cases at a later date.

These 300 cases differ somewhat from others
previously reported3 in that all patients were
men, predominantly young and vigorous. The
age range was from 18 to 52 years, with a mean
of 25.1 years. It was found in these cases that
side effects attributable to sulfathiazole occurred
approximately five times more often in toxic,
febrile individuals than in the atoxic, afebrile,
with due consideration also being given to total
drug dosage and its length of administration.

Sulfathiazole btood levels will not be cited in
any of the cases here reported since no excessive
concentrations were encountered and it seems

generally accepted4 that blood concentration is not
important in the production of sulfathiazole side
effects.

* From the Medical Service, Station Hospital, Camp
Haan, California.
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COMPARISON OF "TOXIC Y

AND "ATOXIC" CASES

Upon segregating these cases into so-called
"toxic" and "atoxic" groups, we were agreeably
surprised to find them almost equal in number
and that there was no appreciable difference in
the average age, the "toxic" being 25 and the
"atoxic" 25.2 years. 'There were 149 toxic, febrile
individuals and 151 who had had no fever or
appreciable toxic response to their disease, either
immediately preceding or throughout their hos-
pital stay. All of the so-called "toxic" cases ex-
hibited some form of acute inflammation, and
since MacCallum5 states that probablv every in-
flammation is accompanied by some general dis-
turbance, such as fever, the presence of an appre-
ciable degree and extent of fever was taken as
an index of toxicity existing from the disease
present. Cases were therefore arbitrarily placed
in a group called "toxic" when fever from the
disease of 1000 F. or more persisting for two
or more days, or of 99.60 F. persisting for four
or more days had been experienced. All others
were placed in a second group called "atoxic,"
although we are aware that toxicity may exist
without the presence of fever.

Table 1 shows-the composition of these two
groups, with conditions causing hospitalization
and sulfathiazole administration. This study was
attempted to identify persons showing evidence of
drug intoxication, no thought being given to the
existence of proper indications for its adminis-
tration.

Thirty patients (10 per cent) experienced un-
desirable reactions from the sulfathiazole, three
each exhibiting two different side effects. No
deaths attributable to the drug occurred among
the entire 300 cases. Table 2 summarizes these
side effects as to type and the group in which
they occurred.

It is thus apparent that 83 per cent of those
patients experiencing undesirable effects were in
the so-called "toxic" group, while but 17 per cent
were in the so-called "atoxic" group; or expressed
in a different manner, 17.4 per cent of the 149
"toxic" patients showed evidence of drug intoler-
ance, while but 3.3 per cent of the 151 "atoxic"
exhibited similar effects. Before these figures
might be assumed to be significant, it was felt that
drug dosage and length of its administration
should be compared in the two groups; and upon
such comparison it was found that the average
"toxic" patient had received 20.5 gm. of sulfa-
thiazole over an average period of 4.9 days. The
lowest total dosage was 5 gm. and the highest 71
gm. The shortest time of administration was one
day, and the longest 16 days. On the other hand,
the average "atoxic" individual had received 25.3
gm. of sulfathiazole over an average period of
7.3 days; the smallest total dose being 5 gm. and
the greatest being 101 gin. The shortest period of
administration was two days and the longest 35
days.
Thus the average "toxic" patient received 25

per cent less sulfathiazole over a 33Y/ per cent
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shorter period of time than did the "atoxic" pa-
tient, yet developed five times as many undesir-
able effects from its use.

ANALYSIS OF PATIENTS EXHIBITING SIDE EFFECTS

This discussion might now have some signifi-
cance in its relation to the side effects observed in
all thirty patients, but definite conclusions can-
not be reached without further analysis.

the production of its side effects. We believe that
other factors besides dosage and length of admin-
istration play a part in their causation. Hen-
dricks4 appears to confirm this view by his state-
ment that the number and severity of the anemias
occurring among his patients given sulfonamide
compounds were not dependent upon the total
dosage received, the duration of treatment or the
blood concentration.

TABLE 1.-Condition Causing Hospitalization and Sulfathiazole Administration,
I

Plared in "To.xic or "Atoxic" Groups

"Toxic GROUP"
Upper respiratory infections, acute ............. 34 cases
Postoperative abdominal ........ ............... 23 cases
Lobar pneumonia ............................. 21 cases
Bronchitis, acute . ............................. 20 cases
Broncho-pneumonia .......... ................ 17 cases
Cellulitis . .................................... 9 cases
Postoperative compound fractures and other

operative orthopedic conditions ............. 7 cases
Prostatitis. acute ......... .................... 4 cases
Epididymitis. acute ........... ................ 4 cases
Sinsitis, acute ................................ 4 cases
Otitis media. acute ............................. 3 cases
Lymphaneitis, acute .......... ................. 2 cases
Infectiol's mononucleosis ...... ................ I case
Eneephalit's ........... ...................... 1 case
Peri-nephritic abscess ....I.................... I case

Totals .............................. 151 cases
* Explanation of terms "Toxic" and "Atoxic" appears

Among these thirty patients, sixteen exhibited
side effects sufficiently severe to cause drug dis-
continuance. These cases are surnmarized in
Table 3. which shows that thirteen (73 per cent)
were included in the "toxic" group with but three
(27 per cent) being classified as "atoxic." This
finding wouild seem to be not at all inconsistent
with the 83 per cent incidence in the otherwise
toxic and the 17 per cent incidence in the non-
toxic inndividual as was found in the entire thirty
patients experiencing any degree of side effect.

Table 3 also shows that the thirteen "toxic"
individuals received sulfathiazole for an average
of 5.1 days, as against 9 davs for the three
"atoxic" patients. Total averaae dosages for the
thirteen "toxic" people was 20.3 gm., as con-
trasted with an average of 30 gm. for the "atoxic."
Again we feel that these calculations are not dis-
similar from those found in the entire thirty pa-
tients exhibiting side effects.

It is true that Table 3 reveals an average daily
dosage of 3.9 gm. of sulfathiazole for the thirteen
"toxic" people as against 3.3 gm. for the "atoxic,"
but it is felt that this difference of less than 1 gm.
in the average total daily dosage could hardly
account for an incidence of sulfathiazole side
effects several times greater in the "toxic" than
in the "atoxic" person, particularly since in these
sixteen patients the "atoxic" received sulfathia-
zole on an average of almost four days (80 per
cent) longer than did the "toxic." This seems
especially pertinent since numerous observers"
have stated from experimental and clinical ob-
servations that prolonged administration of sul-
fathiazole seems to be a most important factor in

"AToxIc GROUP"*
Gonorrhea .............. .............. 45 cases
Abscess. minor, localized ...................... 26 cases
Sinusitis, chronic ............................ 15 cases
Otitis media, chronic .......................... 15 cases
Urethritis, nonspecific ......................... 13 cases
Prostatitis, chronic ............................ 6 cases
Cystitis, chronic ............................ 4 cases
Postoperative compound fractures and other

orthopedic cases, operative ................ 4 cases
Balanitis ............ ................ 3 cases
Pustular dermatoses .......................... 3 cases
Postoperative abdominal ...................... 3 cases
Chancrold ...... ................ 1 case
Entero-colitis ........ .............. 1 case
Miscellaneous, used prophylactically, gun-shot

wounds, multiple abrasions, lacerations.... 11 cases

Totals ............................. 149 cases
in text.

Excessive vomiting seems to occur most fre-
quently early in the course of sulfathiazole ad-
ministration, and in the cases here cited, this hap-
pened in all but one instance. The exception was
Case 1 in. Table 3. If all early cases of excessive
vomiting are excluded from the sixteen cases
under discussion, there remain eleven patients,
eight in the "toxic" and three in the "atoxic"
groups, with a resultant incidence of almost three
times the side effects in the "toxic" as in the
"atoxic" people. We can find no possible stand-
point, but that the incidence of sulfathiazole side
effects is much greater in the "toxic" than in the
"atoxic" individual. In fact, if we were to elimi-
nate all so-called "'atoxic" cases from our series
we would be left with 149 "toxic" individuals
with an incidence of 25 patients (16.55 per cent)
showing undesirable drug effects, a figure very
close to that of Pepper and Ham3 whose entire
series we would classify as "toxic."

DISCUSSION

Clinical findings have been presented from 300
patients given sulfathiazole, in support of a
premise that undesirable drug side effects occur
more frequently in patients obviously toxic and
febrile from their illness, than in those individuals
whose disease is unaccompanied by such systemic
effects. A review of available literature reveals
certain evidence tending to support this con-
tention.
The incidence of sulfathiazole intoxication has

been recorded in several series of cases, such as
those of Fletcher, Gibson, and Sulkin3 and
Culp,3 who have reported in the first instance,
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women, and in the second, men, treated for gonor-
rhea, with sulfathiazole. The incidence of drug
side effects was 6.7 and 6.9%per cent respectively
in those two series. It seems reasonably safe to
assume that the majority of the cases in both of
these series represented people we would classify
as "atoxic." In contrast, others have recorded an

TABLe 2.-Type of .Side Effects and Group in Which
Thev Occurred

"Toxic"
Nausea and vomiting 18
Fever from drug... 2
Dermatitis ......1..
Dermatitis and drug
fever ............ 1

Agranulocytosis ... 1
Conjunctivitis, and
nausea and vomiting 1

Cyanosis, and nausea
and vomiting ..... 1
Deaths .......... 0

"Atoxic" Total
2 20
3 5

0

0

0

0
0

1

1

1
0

Totals ........ 25 (8.35%)* 5 (1.65%)* 30 (10%)t
* Pereentages represent Incidence In entire 300 cases.

Expressed as the incidence amongthoseshowingsulfathia-
zole Intoxication they would be 83.5% and 16.6% re-
spectively.

t This table shows thirty patients experiencing a total
of thirty-three side effects, two each occurring in threedifferent 'toxic" patients.

incidence of sulfathiazole. reaction in groups of
cases composed of patients, all or for the most
part, of a type classified by us as "toxic." Among
these writers are Carrol, Kappel, and Lewis3 who
found a 15 per cent incidence of side effects;
Reinhold, Flippin and Schwartz3 who reported
15.6 per cent occurrences; Volini, Levitt and
O'Neil,3 who recorded 11 per cent; and Pepper
and Ham3 who gave a figure of 18 per cent, and
others.3 Comparison between the findings of the
first two and the last six observers would seem,
to show a higher incidence of sulfathiazole side
effects in the person already toxic from his dis-
ease.

The recent interesting and instructive presen-
tations of Lederer and Rosenblatt,7 and Merkel
and Crawford8 also deserve comment. Each of
these reports cite four deaths apparently attribut-
able to sulfathiazole medication. It was of inter-
est to note that three of the deaths (75 per cent)
in the first report occurred in people we wouild
classify as "toxic," while all four patients in the
second were apparently toxic from disease al-
though not all were febrile. %

If there be any basis of fact for the contention
we advance, a reason should be forthcoming. We
believe such a reason exists, at least to some ex-
tent, in the presence of two factors, in one in-
stance, contributing to the total toxicity of the
patient; i.e., drug plus disease toxicity; while in
the other but one factor would seem important;
i.e., the drug toxicity alone.
To quote MacCallum,5 further, "when injury

is intense enough, poison may be absorbed from
the injurious agent or even from dead tissue to
affect the nervous system and other organs, and
to cause disturbance of their functions and what
we know as illness. Even the fever itself may
bring along with it disturbances in function." It
therefore seems reasonable to say that those pa-
tients we have classified as "toxic" had some dis-
turbances in the functions of various organs in-
cluding the liver and kidneys.
Many observers9 have pointed out that sulfa-

thiazole is a drug which can and does cause more
or less damage in both experimental animals and
man, to various organs, including the liver and
kidneys; while others10 have emphasized the im-
portance of proper kidney function during the
course of sulfathiazole administration. Reinhold
and his coworkers3 have established that orally
administered sulfathiazole in man is excreted up
to 93 per cent by the kidneys, a finding supported
by the work of Carrol, Kappel and Lewis ;3 while

TABLE 3.-Patients Exhibiting Severe Sulfathiasole Side Effects, Necessitating Drug Discontinuance

No. DI
1. Epil
2. Lob
3. Lyn
4. U.R
6. U.R
6. Bro
7. U.R
8. Bro
9. Bro

10. Enc
11. Lob
12. P.O.
13. Broi
14. Locu
15. Otit
16. P.O.

Days Drug*
iagnosis Administered Grams of Drugt Reaction Experienced
didymitis 7 17 gin. Excessive nausea and vomiting 7th day
oar Pneumonia 3 16 gm. Cyanosis and excessive nausea, vomitingnphadenitis 8 16 gin Fever from drug
.1. 2 10 gm. Excessive nau.sea and vomiting, early.J. 2 4 gm. Excessive nausea and vomiting, early
ncho-pneumonia 4 22 gm. Agranulocytosis
.I. 4 15 gm. Conjunctivitis, nausea and vomiting
ncho-pneumonia 3 14 gm. Excessive nausea and vomiting, earlyncho-pneumonia 10 39 gm. Dermatitis, and fever from drug
ephalitis 2 9 gm. Excessive nausea and vomiting, earlylar Pneumonia 12 56 gn. Fever from drug
Abdominal 2 9 gm. Excessive nausea and vomiting, earlyncho-pneumonia 7 37 gn. Dermatitis

alized abscess 9 32 gm. Fever from drug
is media, Chr. 10 38 gin Fever from drug
Orthopedic 8 20 gm. Fever from drug
* Average length of administration: "Toxic" 6.1 days; "Atoxic" 9 days.
t Average total sulfathiazole dosage: "Toxic" 20.3 gm.; "Atoxic" 30 gm.Average daily sulfathiazole dosage calculated from above: "Toxic" 3.9 gm.; "Atoxic" 3.3 gm.

It is felt that the evident variance in sulfathia-
zole side effects. reported in previouslv published
articles could be explained, at least in part, by the
lack of division into "toxic" and "atoxic" cases.

.in these same reports the first workers state that
transitorv depression of kidney function occurs
in nearly all patients receiving sulfathiazole, and
the second express a belief that fear of accumu-

Group
"Toxic"
"Toxic"
"Toxic"
"Toxic"
"Toxic"
"Toxic"
"Toxic"
"Toxic"
"Toxic"
"Toxic"
"Toxic"
"Toxic"
"Toxic"
"Atoxic"
"Atoxic"
"Atoxic"

64 VOl. 58, NO. 2



February, 1943 SULFATHIAZOLE REACTIONS 65

lation of the drug to dangerous levels is negligible
except in those cases showing kidney deficiency,
and yet it would appear from the work of Rein-
hold, et al,3 that the drug itself contributes, at
least to some slight extent, to such deficiency.
It thus seems that a vicious cycle affecting kid-
ney function may be established. Fortunately,
demonstrable kidney damage was not prominent
in our 300 cases, although sulfathiazole crystal-
luria was demonstrated in 32 per cent of them.
Two years ago, Long, et al"l stated a belief

that kidney disturbances following sulfapyridine
or sulfathiazole administration might be due to
either a true toxic injury to the tubules of the
kidney, probably similar to that seen in mercury
bichloride poisoning, or it may be due to the
deposition of acetylsulfapvridine or acetylsulfa-
thiazole crystals in the kidney tubules, and on
occasion to the blocking of the renal pelves and
ureters by calculi composed of acetylsulfapyridine
or acetylsulfathiazole.

It now seems apparent that most, if not all, kid-
ney damage from sulfathiazole may be due to
crystal deposition in that organ. We are aware of
apparently important work now in progress by
Sobin,'2 which tends to confirm this view.
Reduction of renal function by both the disease

and the drug may conceivably decrease excretion
of the drug and thus contribute an additional
factor which could contribute to the greater in-
cidence of intoxication in febrile patients.
As a part of this same combination, Martin,

and his coworkers,13 have recently shown that the
liver is important in the detoxification of sulfona-
mide compounds and have presented considerable
work in attempting to find a means to assist in
the detoxification of those drugs. Considerable
evidence14 is at hand to show that sulfathiazole
mav have a deleterious effect on that organ re-
sulting in impaired liver function and possible re-
duction in its detoxicating ability.
No mention has been made in this discussion

of side effects occurring from other sulfonamides,
since our experience has been restricted almost
entirely to sulfathiazole. However, it seems
reasonable to assume that other similar drtugs
might be capable of producing the same phe-
nomena.

SUMMARY AND CONCLUSIONS

The incidence of sulfathiazole side effects in
300 otherwise, young, vigorous soldiers has been
cited.
These patients have been divided into a toxic,

febrile group, called "toxic," by us for descriptive
purposes, and into a second group, nontoxic from
their disease, called by us, "atoxic."
The distribution of patients in each group was

almost equal in number, with no difference in
the average age.
The total incidence of sulfathiazole intoxication

in the 300 cases was 10 per cent. There were no
deaths attributable to the drug.

Sulfathiazole side effects occurred five times
more frequently in the "toxic" group than in the

"atoxic," or an incidence of 8.35 per cent for the
"toxic," and but 1.65 per cent for the "atoxic."
The hypothesis has been advanced that the

combination of effects from disease and drug,
affecting sulfathiazole elimination and detoxica-
tion can account for the larger number of drug
reactions found among the "toxic" patients.

Gross kidney involvement in this series of cases
was not evident. No reasons can be advanced
for this occurrence, except for excellent nursing
care given, and the administration of sufficienit
fluids during drug tlherapy.
The occurrence of sulfathiazole side effects re-

ported in other series of cases differ widely. It
is suggested that this considerable variance miglht
not exist to such a great extent had previous
series been reported as, or had they been divided
into "toxic" and "atoxic" cases.

Since we have shown clinically that sulfathia-
zole intoxication occurs as much as five times
more often in the toxic, febrile as in the nontoxic
patient, this fact should be kept in mind during
the administration of all sulfonamides. This is
not to be construed in any sense as an argument
against the use of any sulfonamide therapeutically
indicated.

Station Hospital, Camp Haan,
Riverside County.
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